Diabetes mellitus is one of the serious global health problems affecting a significant proportion of both developed and developing countries. Overproduction of free radicals and oxidative stress has been associated with the development of diabetic complications. In the present study, the antioxidant effects of metformin (MET), glibenclamide (GLI), and repaglinide (REP) were evaluated in alloxan-induced diabetic rats. The findings from this study may possibly help in understanding the efficacy of these standard drugs in managing the complications arising from diabetes mellitus (DM). Alloxan (130 mg/kg BW) was administered as a single dose to induce diabetes. Four (4) groups of rats ( = 6) were used; group 1 served as diabetic control while groups 2, 3, and 4 were the diabetic test groups that received MET (25 mg/kg), GLI (2.5 mg/kg), and REP (0.5 mg/kg), respectively. The result of the study showed significant ( < 0.05) improvement in the altered antioxidant enzymes (SOD, CAT) and GSH concentration in diabetic treated rats compared with the diabetic control group. MET and REP produced significant effect on the MDA concentration while GLI showed insignificant reduction in the MDA concentration compared with the diabetic control. Findings from this study suggest that the administration of MET, GLI, and REP exerts significant antioxidant effects in alloxan-induced diabetic rats, thus contributing to the protective effect against oxidative stress-induced damage during diabetic complications.
Introduction
Diabetes is the most common metabolic disorder out of various lifestyle diseases associated with many complications such as diabetic ketoacidosis, hyperosmolar coma, cardiovascular problems, kidney failure, eye damage, nonketotic hyperosmolar coma, and foot ulcers. The condition develops due to abnormalities in carbohydrate metabolism and insulin synthesis resulting in high blood sugar with symptoms such as elevated hunger and thirst, polyuria, glycosuria, and lethargy. The World Health Organization [1] has predicted that the worldwide number of patients with diabetes will double by the year 2025, from the current number of approximately 150 million to 300 million. Studies have shown that during the manifestations of diabetes there is an enhanced production of free radicals and reactive oxygen species (ROS), which enhanced lipid peroxidation, damage to DNA, and protein degradation. In type 1 diabetes, ROS are involved in -cell dysfunction initiated by autoimmune reactions and inflammatory cytokines [2] . In type 2 diabetes, ROS activate -cell apoptotic pathways, impair insulin synthesis, and also contribute to insulin resistance [3, 4] . Despite the great strides made in the understanding and management of diabetes, the disease and disease related complications are increasing unabatedly due to multiple defects in its pathophysiology [5] . Many therapeutic approaches have been utilised for treatment of this disorder including the use of oral hypoglycaemic agents. The currently available oral antidiabetic agents (sulfonylureas, biguanides and meglitinides, thiazolidinediones, and -glucosidase inhibitors) are used as monotherapy or in combination to achieve better glycaemic control. Metformin, a biguanide antihyperglycaemic agent, is widely used in the management of type 2 diabetes mellitus. It lowers the blood glucose concentration without causing hypoglycaemia [6] . Urakami et al. [7] reported that metformin may represent a useful adjuvant to the management of type 1 diabetes mellitus. Glibenclamide belongs to the sulfonylurea class of oral drugs that reduce blood glucose levels by stimulating insulin secretion. In the presence of viable pancreatic -cells, sulfonylureas enhance the release of endogenous insulin, thereby reducing blood glucose levels. Repaglinide is a prandial glucose regulator used in the management of type 2 diabetes mellitus [8] . It belongs to the meglitinide class of short-acting insulin secretagogues, which act by binding to -cells of the pancreas to stimulate insulin release. While the potential of oral hypoglycaemic drugs (especially metformin, glibenclamide, and repaglinide) in treating diabetes has well been investigated, there is only little information to support their protection against oxidative stress-induced damage during diabetic complications. In this study, we investigated the effects of metformin (MET), glibenclamide (GLI), and repaglinide (REP) in protection against oxidative stress and damage using animal model.
Methods
Twenty-four adult male albino rats (100-160 g) were obtained from the Animal House of the Faculty of Pharmaceutical Sciences, University of Nigeria, Nsukka. The animals were housed at 25 ± 2 ∘ C under 12-hour light/dark cycle maintained on a standard feed and water ad libitum. The rats were fasted for 12 hours with free access to water prior to the administration of freshly prepared alloxan monohydrate (130 mg/kg; i.p.) dissolved in ice-cold normal saline. After 5 days of stabilisation of diabetes, animals having fasting blood glucose concentration ≥200 mg/dL (11.1 mmol/L) were considered diabetic and used for the investigation. The animals were divided into four (4) groups ( = 6). Group 1 was used as the control (untreated group) while groups 2, 3, and 4 received MET (25 mg/kg, p.o.), GLI (2.5 mg/kg, p.o.), and REP (0.5 mg/kg, p.o.), respectively. All drugs were given orally once daily for fourteen (14) days. At the end of the experimental period, animals were sacrificed. Serum was obtained for further biochemical analysis. All animal experiments were conducted in compliance with the National Institute of Health Guide for Care and Use of Laboratory Animals (Pub. number 85-23, revised 1985) and in accordance with the University Ethics Committee on the use of laboratory animals.
Drugs/Reagents.
All drugs and reagents used were obtained commercially and of analytical grade and products of May and Baker, England; BDH, England; Merck, Darmstadt, Germany; Accu-check active glucometer by Roche Diagnostic, Germany; alloxan monohydrate, SigmaAldrich Chemical (St. Louis, MO, USA).
Estimation of Biochemical Analysis.
Superoxide dismutase (SOD) activity was assayed using kit product of Randox Diagnostics according to the method of Xin et al. [9] . Catalase activity was measured using kit product of Randox Diagnostics according to the method described by Aebi [10] . Reduced glutathione (GSH) was determined using the modified method of King and Wotton [11] . Malondialdehyde (MDA) concentration was determined by measuring spectrophotometrically the level of the lipid peroxidation product, malondialdehyde (MDA), as described by Varshney and Kale [12] .
Statistical Analysis.
The data obtained were analysed using Statistical Package for Social Sciences (SPSS), version 18. Results were expressed as mean ± SD ( = 6). The data was analysed using One-Way Analysis of Variance (ANOVA) followed by Post Hoc Dunnett's test.
* < 0.05 was considered to be statistically significant.
Results

Effects of Metformin, Glibenclamide, and
Repaglinide on Serum Superoxide Dismutase Activity. Serum superoxide dismutase (SOD) activity of diabetic rats in groups 2 and 4 given MET (25 mg/kg) and REP (0.5 mg/kg) was found to be significantly ( < 0.05) higher when compared with the diabetic control rats in group 1. However, the serum SOD activity of diabetic rats in group 3 given GLI (2.5 mg/kg) was observed to be insignificantly ( > 0.05) higher when compared with the diabetic control (Figure 1 ).
Effects of Metformin, Glibenclamide, and Repaglinide
on Serum Catalase Activity. The serum catalase activity of diabetic rats in groups 2, 3, and 4 given MET (25 mg/kg), GLI (2.5 mg/kg), and REP (0.5 mg/kg), respectively, was observed to be significantly ( < 0.05) higher compared with the diabetic control in group 1 (Figure 2 ).
Effects of Metformin, Glibenclamide, and Repaglinide on
Serum Glutathione (GSH) Concentration. The glutathione (GSH) concentration of diabetic rats in groups 2 and 4 given MET (25 mg/kg) and REP (0.5 mg/kg), respectively, was observed to be significantly ( < 0.05) higher compared with the diabetic control. However, the GSH concentration of diabetic rats in group 3 given GLI (2.5 mg/kg) was observed to be insignificant ( > 0.05) compared with the diabetic control (Figure 3) .
Effects of Metformin, Glibenclamide, and Repaglinide on Serum Malondialdehyde
Concentration. Significantly ( < 0.05) lower concentrations of serum malondialdehyde (MDA) were observed in groups 2 and 4 diabetic rats given MET (25 mg/kg) and REP (0.5 mg/kg), respectively, compared with the serum MDA concentration of diabetic control rats (group 1). However, there was no significant ( > 0.05) reduction observed in the serum MDA concentration of diabetic rats in group 3 given GLI (2.5 mg/kg) compared with the diabetic control (Figure 4 ).
Discussion
The present study investigated the antioxidant effects of three standard antidiabetic agents belonging to three different classes, metformin (MET), glibenclamide (GLI), and repaglinide (REP), in alloxan-induced diabetic rats. The oxidative stress induced by alloxan arises due to a compromise in natural antioxidant mechanism and an increase in oxygen free radical production [13, 14] . Reactive oxygen species-(ROS-) induced oxidative damage has been implicated in the pathogenesis of several disorders including diabetes mellitus (DM) [15] . This may lead to imbalance of in vivo antioxidant status as evaluated by the activities of enzymatic and concentration of nonenzymatic (GSH) antioxidant in this study. Free radical scavenging enzymes such as superoxide dismutase (SOD) and catalase (CAT) protect the biological system from oxidative stress [16, 17] . SOD catalyses the reaction in which superoxide anion is converted to hydrogen peroxide and oxygen while catalase is a haem-containing ubiquities enzyme that detoxifies H 2 O 2 into water and oxygen [18] . The reductions observed in the activities of SOD and CAT in the diabetic control group suggest their excessive utilisation in attenuating free radicals generated during the metabolism of alloxan. This observation has already been reported in diabetic animals [19, 20] . Increase in their activities is an indication of their ability to scavenge ROS, thus contributing to the protective effect against oxidative stress and preventing further damage to membrane lipids. The increase in SOD and CAT activity observed in MET and GLI treated diabetic rats is in agreement with previous reports [20, 21] . Nonenzymatic antioxidant (reduced glutathione) acts synergistically to scavenge the free radicals formed in the biological system, thus preventing cells from oxidative damage. GSH is an intracellular thiol rich tripeptide, which plays a major role in the balance of oxidative stress by protection of cells and tissue structures [22, 23] . In the diabetic control group, the reduced GSH level may be due to its increased utilisation during oxidative stress to scavenge free radicals. However, the reduced GSH level was reversed with the administration of MET, GLI, and REP to the diabetic rats. This may suggest that the standard antidiabetic agents maintained the levels of GSH that are utilised during diabetes and hence also stabilised lipid peroxidation.
Lipid peroxidation of unsaturated fatty acids is frequently used as an indicator of oxidative stress and subsequent oxidative damage [24, 25] . Lipid peroxidation impairs cell membrane fluidity and alters the activity of membrane-bound enzymes and receptors resulting in membrane malfunction [26] . The increased lipid peroxidation during diabetes as found in the increased concentration of malondialdehyde (MDA), an end product of lipid peroxidation in the diabetic control rats, is a reflection of enhanced oxidative damage to lipids. Similar reports have shown an elevation in the status of lipid peroxidation in the liver after alloxan induction [27] [28] [29] .
This suggests that peroxidative injury may be involved in the development of diabetic complications. However, following oral administration of MET, GLI, and REP, the MDA level reduced considerably. The reduction in the MDA level observed in MET and GLI treated diabetic rats is similar to previous reports [20, 21] . However, the degree of effects of these standard antidiabetic agents was in the order of MET > REP > GLI. This may be attributed to the fact that MET, GLI, and REP may have some protective effect against lipid peroxidation, thereby contributing to the protection against oxidative damage in diabetes.
In conclusion, this study has shown that oxidative stress is still evident during diabetic manifestations. The administration of metformin (MET), glibenclamide (GLI), and repaglinide (REP) exhibited significant reduction in the malondialdehyde (MDA) concentration and considerable improvement in the altered activities of antioxidant enzymes. This establishes the fact that they provide additional antioxidant protection as antidiabetic drugs, thereby protecting the pancreas from oxidative stress-induced damage during diabetic complications.
